Photoactivatable fluorescent proteins (PAFPs) capable of strong light-induced increase of fluorescence intensity at certain wavelengths can be used for direct tracking of the movement of target proteins, cell organelles or cells in live models. 1 Even more importantly, PAFPs represent genetically encoded labels of choice for super-resolution fluorescence microscopy. [2] [3] [4] There are many types of PAFPs possessing either reversible or irreversible photoconversion in response to light illumination at different wavelengths. Among them, green-to-red photoconvertible proteins are especially popular. The first member of this protein group named Kaede was identified in a stony coral. 5 Kaede is a tetrameric protein that matures up to a green fluorescent state in the dark. Then, it can be efficiently converted into a red fluorescent state by illumination with UV-violet light (approximately 350-410 nm). Monomeric variants of some Kaede-like proteins suitable for protein labeling were engineered. In particular, monomeric Dendra and its improved version Dendra2 were generated from a tetrameric wild type protein from an octocoral Dendronephthya. 6 It has been demonstrated that Dendra2 is a useful tool to follow cell 7 and protein movement 6, 8, 9 and turnover 10,11 as well as for subdiffraction localization microscopy. 12, 13 Dendra(2) was found to be convertible not only by UV-violet (e.g., 405 nm) but also by blue (e.g., 488 nm) light. 6, 8 However, the photoconversion by blue light is 25-fold less efficient. 14 Recently, an unusual phenomenon of two-stage primed photoconversion was discovered in Dendra2 and mEos2. Specifically, a near-infrared light applied with the 'priming' blue light simultaneously or in rapid succession increases the efficiency of the photoconversion by an order of magnitude compared to action of the blue light alone. 15 Wavelengths from 700 to 1000 nm were tested; a 700-780 nm spectral region was found to be optimal. The suggested dual-laser (488 + 730 nm at a roughly 1 : 100 intensity ratio) illumination scheme avoids the need for short-wavelength violet (405 nm) light, which was shown to induce various phototoxic effects in live cell microscopy. 16 Also, it enables controlled photoconversion in a spatially confined intersection of the two laser beams. 15, 17 At the same time, many fluorescence microscopes come with a red laser source, with a wavelength almost 100 nm shorter than reported to be necessary for the primed photoconversion. Here, we tested the effect of combined illumination using blue and red light sources on Dendra2 photoconversion.
First, we performed green-to-red photoconversion of purified Dendra2 protein solution in a cuvette using light emitting diodes (LEDs). We observed clearly detectable photoconversion by combination of blue (470 nm) and red (655 nm) LEDs, whereas separate illumination with these LEDs resulted in much weaker (blue LED) or no detectable (red LED) photoconversion (Fig. S1a, ESI †). Excitation and emission spectra of the Dendra2 red form obtained by primed conversion (470 + 655 nm) were indistinguishable from that resulting from 400 nm LED-induced conversion (Fig. S1b, ESI †). A similar coincidence of the spectra was observed for near-infrared-induced primed conversion. 15 Next, we tested Dendra2 primed conversion using a regular laser scanning confocal microscope. Beads with immobilized Dendra2 were scanned with a 488 nm laser of varied intensities kW cm À2 ) either alone or in combination with 100%
power of the 633 nm laser (450 kW cm
À2
, ESI †). A strong increase of photoconversion efficiency by co-illumination with the 633 nm laser was observed for all tested intensities of the 488 nm line, whereas the 633 nm laser alone induced no detectable photoconversion (Fig. 1) .
The effect of primed conversion was especially pronounced (up to 20-fold) at low intensities of the 488 nm laser. Starting from 50 kW cm À2 of the 488 nm laser, absolute values of the red signal did not increase and they even decreased. We attributed this to two processes. First, the power of the red laser in our setup might not be sufficient to maintain the high yield of the photoconversion at the given power of the blue laser. Second, strong 488 nm light partially bleaches the newly appearing red form of Dendra2, which possesses considerable absorption at this wavelength in both anionic and neutral states. 14 Indeed, the time course of red signal changes upon illumination using the 488 nm laser of different intensities clearly showed a strong bleaching of the red form by 488 nm light (Fig. S2, ESI †) . Finally, we used a commercial single molecule detection microscope for conversion of Dendra2 fused to b-actin in living cells (Fig. 2) . We determined the photoconversion efficiency by illuminating the sample simultaneously with unfocused beams of 640 nm and 488 nm laser lines operating at various power levels, 2-3 orders of magnitude lower than in the confocal setup.
We observed up to 10-fold enhancement in the photoconversion efficiency of Dendra2 in the two-laser illumination scheme. The nonlinear power dependence of the photoconversion strongly resembles the one previously reported for near-infrared illumination. 15 We then tested the applicability of optimized illumination settings (250 : 1 power ratio of the red and blue lasers, B1 W cm À2 of 488 nm light) for single-molecule localization microscopy. We were able to achieve a similar number of localizations per frame and indistinguishable localization precision in comparison to 405 nm induced photoconversion (Fig. 3) . Expectedly, illumination with the 488 nm laser alone resulted in a much lower number of localizations, inadequate for live-cell super-resolution imaging (Fig. S3, ESI †) .
It is difficult to compare the efficiencies of Dendra2 primed conversion using red and infrared lasers because of strong differences in illumination conditions. Dempsey et al. reported up to 20-fold increased efficiency of primed conversion relatively to maximal 488 nm-induced conversion (see Fig. 1c and Supplementary Fig. 8 in ref. 15) . In our experiments, primed conversion was about 7-fold more efficient compared to maximal conversion achievable by the 488 nm laser alone (see Fig. 2a) . Therefore, red lasers appear to be less efficient for primed conversion than infrared ones. However, an accurate comparison would require side-by-side experiments on the same setup in a wide range of illumination settings due to the possible impact of the photobleaching and other sources of non-linearity on the final estimate.
Importantly, dual-wavelength illumination can be a source of unexpected or even undesirable effects. For example, it was demonstrated that photobleaching of cyan fluorescent protein Cerulean increases under simultaneous illumination with 458 and 561 nm lasers compared to the 458 nm alone. 15 Thus, the 458 nm light produces a red-shifted spectral intermediate sensitive to 561 nm illumination. Light-induced appearance of strongly red-shifted long-lived dark states was documented also for other fluorescent proteins of different colors. 3 It urges researchers to take special precautions to avoid artifacts in multicolor imaging with simultaneous or fast sequential illumination of the sample with two or more excitation wavelengths.
In conclusion, we demonstrated that 630-650 nm light can be used to induce primed conversion of Dendra2. The effect was observed in a wide range of illumination intensities, spanning more than three orders of magnitude. As these laser lines are very common in both confocal and super-resolution microscopy, primed conversion requires no additional modifications to commercial setups and hence is broadly available for researchers. This work was supported by Russian Science Foundation grant 14-25-00129. The work was partially carried out using equipment provided by the IBCH Core Facility (CKP IBCH).
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